INTRODUCTION {#sec1-1}
============

India does not have an organized system of prehospital trauma care and transport. Private hospitals are unwilling to take emergency cases. Government run primary and secondary care hospitals in India are still focused on vaccine preventable diseases, maternal child health, and at best provide the most basic first aid to trauma cases. Resuscitation, specialist care, and operative facilities are lacking in these hospitals. Yet, these facilities are the only option available for providing initial care to a trauma victim.

Conventionally, trauma mortality is predicted using scores based on anatomical, physiological, or a combination of both types of criteria.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] Mechanism of injury is also included as a critical variable in the Revised Trauma Score\[[@ref3]\] and Trauma Injury Severity score (TRISS).\[[@ref5]\] Studies have demonstrated several factors that predict mortality independent of the severity scores. These include age, sex, pre-existing pathologies[i](#fn1){ref-type="fn"}, hypotension,\[[@ref6]\] number of units of blood transfused,\[[@ref7]\] serum lactate,\[[@ref8]\] base deficit,\[[@ref8]\] massive blood transfusion,\[[@ref9]\] early coagulopathy,\[[@ref10]\] early hyperglycemia defined as levels more than 200 mg/dl,\[[@ref11]\] iatrogenic mistakes,\[[@ref12]\] prehospital care,\[[@ref13]\] trauma center volume,\[[@ref14]\] and designation.\[[@ref15]\]

Trauma victims cared for at the primary and secondary hospitals in Uttar Pradesh are subsequently referred to the King George Medical University (KGMU) trauma center. The trauma center of KGMU is the only trauma center in the state of Uttar Pradesh and caters to the need of about 200 million. Such transfers of trauma patients delay critical time for appropriate definitive care and may be associated with adverse outcomes.

The objectives of the study were to identify predictors of 1 year mortalityin trauma patients presenting at KGMU---a resource constrained setting which does not allow for full international standard of trauma care[ii](#fn2){ref-type="fn"}. The secondary objective was to describe interhospital referral and determine its effect on trauma mortality. We believe that this is the first study of this kind in India.

MATERIALS AND METHODS {#sec1-2}
=====================

This prospective observational study was conducted at KGMU trauma center. Approval for the study was obtained from the Institutional Ethics Committee. Adult injured patients without burns and more than 18 years of age presenting to the trauma center were included in the study, subject to written informed consent.

Two hundred and sixty patients were required for the necessary power using the thumb rule of 10 patients per variable studied; but to increase the representativeness of the sample, data was collected for 1 year. In order to check the representativeness of our sample over different days of a week, patients admitted on Mondays over a 1 year period and eight randomly selected Wednesdays and Saturdays were consecutively recruited to the study. Patients admitted on Wednesdays and Saturdays were to be included in final analysis to predict mortality if they were found to be clinically and demographically similar to patients admitted on Mondays. Consecutive recruitment for 24 hours beginning 8:00 am was employed on the days mentioned above.

All 572 patients were followed-up for mortality for a period of 1 year by means of post discharge hospital visits, or phone calls or home visits every month. Characteristic factors known[iii](#fn3){ref-type="fn"} to be associated with mortality were recorded in patients enrolled in the study, subject to written informed consent from the patient or his kin. Due to lack of an ongoing audit and record keeping at peripheral hospitals, there was no method to ascertain patients for iatrogenic mistakes other than missed injuries. Base deficit, serum lactate, and obesity assessment are not performed routinely during the course of treatment of every trauma victim and thus not included. Information regarding the patient\'s socioeconomic status identified as below poverty line (BPL) was also collected.[iv](#fn4){ref-type="fn"}

Information about referral and interhospital transfer included details of the transfer process, training of the transfer personnel, and adequacy of the transfer. Data communicated to the trauma center from the referring hospitals was collected from the transfer records. This information was corroborated by the accompanying personals and relatives.

Data was collected using a standardized questionnaire in which item analysis had been done for inter- and intraobserver agreement. Predictors of 1 year mortality were identified using bivariate and logistic regression. Time trend analysis of mortalitywas done using actuarial survival analysis and Cox proportionate hazard model.

RESULTS {#sec1-3}
=======

During the study period, 592 eligible patients were admitted to the KGMU trauma center. Of these, 572 consented to the study. Fifty-seven percent (327/572) of patients were referred admitted and 43% (245/572) were directly admitted patients. Patients were predominantly male (83.5%) with median age 38 years, median Injury Severity Score (ISS) 9, and mean Glasgow Coma Scale (GCS) 12.20 ± 4.1 (median 15). Mean time to admission was 54.22 ± 185.2 hours. The demographic and clinical characteristics as well as mortality of the patients admitted on different days of the same week were found to be similar \[[Table 1](#T1){ref-type="table"}\]. During follow-up, 143 patients died (24.96%; three due to unrelated cause and hence excluded from analysis).

###### 

Clinical and demographic characteristics of patients admitted on different days
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Documentation about date and time of injury (0%), referral time (13.71%), pulse rate (34.38%), and blood pressure (BP; 34.25%) was generally suboptimal in the facility notes accompanying the referred patient. Transit notes were not available in any of the patients. On arrival to KGMU, 71 patients had a GCS score of less than 8. Of these, none had been intubated in the referral hospital or on way. No patient had a systolic BP \< 90 mmHg and a diastolic BP \< 60 mmHg recorded on the transfer documents. Pupil size and reaction, and GCS score were not documented in any of the cases; including the 245 head trauma cases. Only 9/327 (2.79%) transferred patients had hard cervical immobilization. Only 22 referred patients arrived with Advanced Trauma Life Support (ATLS) approved intravenous infusion. The formal request for transfer to KGMU via physician-to-physician conversation was made in less than 1% of cases. Ambulances were used for transfer in 49 (15.12%) cases, while the rest were transferred using a non-ambulance vehicles.

Patients referred from peripheral hospitals had significantly lower GCS, higher ISS, higher time to admission to the KGMU trauma center, and longer duration of stay at the trauma center. Admission through referral was positively associated with possession of BPL card (*P*-value 0.0215). Referral from a peripheral hospital was not significantly associated with mortality (*P* = 0.203). Mortality was significantly associated with referred group on bivariate analysis for major trauma (ISS \> 15; odds ratio (OR) = 18.94; 95% confidence interval (CI) 11, 33) and severe head injury (GCS \< 9; OR = 11.81; 95%CI 6, 24). An interesting trend seen in our study is earlier and higher number of blood units transfused to the expired. However, the difference was insignificant. Only 10 patients in our study had hyperglycemia.

Of the 569 patients, GCS score was not recorded in 35 patients due to quadriplegia (26 patients) or injury to maxillofacial region (nine patients). Data on ISS was not recorded in two patients. Patients with incomplete data set were automatically excluded by the software used for multivariate analysis. Multivariate analysis of data on 533 patients using logistic regression and Cox proportionate hazard analysis identified age, ISS, GCS score, raised activated partial thromboplastin time (APTT), and systolic BP at admission to be valid predictors of mortality. Abnormal respiratory rate (\>26 or ≤10) and presence of cervical spine injury were found to be significant predictors on logistic regression, but not significant on Cox proportionate hazard analysis. Bootstrapping of the logistic regression model and Cox proportionate hazard model identified age, ISS, APTT, and GCS score at admission to be significant predictors of 1-year mortality. However, systolic BP and cervical spine injury were found to be insignificant \[[Table 2](#T2){ref-type="table"}\].

###### 

Summarizing the results for analysis to identify predictors of 1 year mortality
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Kaplan--Meier survival curve showed two distinct phases of mortality, namely within 6 days of sustaining injury and another after more than 6 days of sustaining injury \[[Figure 1](#F1){ref-type="fig"}\]. Of the 140 deaths, 86 occurred within 6 days of sustaining injury, while 54 occurred after 6^th^ day. Week-wise distribution of mortality is shown in [Table 3](#T3){ref-type="table"}.

![Kaplan--Meier survival curve of the injured admitted patients](IJCIIS-5-73-g003){#F1}

###### 

Week wise mortality
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On logistic regression, mortality within 6 days of injury was found to be predicted by age, ISS, APTT, and GCS score at admission. Mortality after 6^th^ day was found to be predicted exclusively by GCS score at the time of admission.

Various best possible cutoffs for the logistic regression model to predict 1 year mortality were diagnostically evaluated to estimate diagnostic values for 1 year mortality. The best cutoff was found to be 0.25. The results of diagnostic assessment at cutoff 0.25 are shown in [Table 4](#T4){ref-type="table"}.

###### 

Diagnostic assessment of logistic regression model at cutoff 0.25
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DISCUSSION {#sec1-4}
==========

This series of trauma patients validates previously reported predictors of mortality such as age, ISS, abnormal respiratory rate (\>26 or ≤ 10) at admission, and increased APTT and GCS score at admission. However, our results do not validate systolic BP at admission and presence of cervical spine injury as valid predictors of mortality as these factors were found to be insignificant in the analysis.

We report higher age to a be significant predictor of mortality on logistic regression as well as Cox proportionate hazard model, which indicates that the effect of age on mortality lasts for 1 full year. We also found abnormal respiratory rate at admission to be positively associated with mortality on logistic regression. However, the same were not found to be positively associated with mortality on Cox proportionate hazard model. This is because the effect does not last beyond the first few days of injury, a finding which has been reported in literature.\[[@ref16]\]

Systolic BP at the time of admission was found to be significant on logistic regression as well as Cox proportionate hazard model. However, it was found to be insignificant on bootstrapping, and thus it should not be treated as universally valid. Injury-induced hemorrhage accounts for the largest proportion of mortality within the 1^st^ hour of trauma center care, causes 50% of injury-associated death within the first 24 hours of trauma care, and claims more lives than any other injury-induced pathology within the first 48 hours of care.\[[@ref17][@ref18]\] A limitation of the study was that time to death since injury was not recorded in hours, and hence we are unable to comment on the value of hypotension in predicting mortality within 1hour injury. Another notable limitation is that a significant number of injured died post discharge at their homes or at another hospital where the exact time of death was not available. Due to the software excluding patients with incomplete data sets, 26 patients of cervical spine injury with neurological deficit were excluded from multivariate analysis. A negative beta coefficient for cervical spine injury as reported by us is due to inclusion of cervical spine injury patients without neurological injury and hence a complete data set in the logistic regression model. Due to this selective exclusion of cervical spine injury with neurological deficit we are unable to comment on the role of cervical spine injury with neurological defect in predicting mortality.

A significant finding of the study is that after 6^th^ day of injury GCS score at admission is the only significant predictor of 1 year mortality. GCS score within 4 hours of injury has been reported to predict 2 week mortality.\[[@ref19]\] In our study, 110 patients (78.5%) died within 2 weeks of injury and another 30 died after 2 weeks up to 16^th^ week (87.14% mortality occurred within 3 weeks and 97.85% mortality occurred within 8 weeks). This suggests that the predictive value of GCS score at the time of admission extends beyond 2 weeks.

It has been reported that mortality prediction using GCS may not be very accurate due to presence of paralysis, use of sedating medications and coexisting injuries.\[[@ref20]\] In an organized system of trauma care with prehospital care incorporating advanced life support system protocols, use of paralytics in the field and during transport make the early post-resuscitation GCS unavailable. This trend in pre-hospital management may account for the results seen by Stocchetti *et al*.,\[[@ref20]\] who described a subset of patients wronglyclassified as severe. The same trend may explain significant correlation between GCS and 6-month Glasgow Outcome scale demonstrated between 1992 and 1996 and subsequent loss of correlation in the period 1997--2001.\[[@ref21]\] Very good predictive power as demonstrated in our study may be due to lack of prehospital care and lack of intubation facilities in peripheral hospitals and during transport.

We report lack of an association between sex and mortality in our study. This could be because we did not segregate female patients by age groups; and hence potential hormonal status, thereby resulting in the mixing of premenopausal, perimenopausal, and postmenopausal patients. Several studies that stratify patients by age and injury severity did find a gender-based survival advantage for premenopausal women with ISS \> 15\[[@ref22][@ref23][@ref24]\] and others documented a reduced incidence of sepsis and multiple organ dysfunction syndrome (MODS).\[[@ref25][@ref26][@ref27]\] Random blood sugar done at the time of admission and early blood transfusion were significant on bivariate analysis, but insignificant on multivariate analysis. This could be due to a very small number of patients with hyperglycemia at admission. In contrast to other studies,\[[@ref9]\] blood transfusion was not found to be significantly associated with mortality. This could be because none of the patients received massive blood transfusion.

One important findings of our study is the positive association between referral and BPL status. Possible explanations include BPL patients tending to primarily present at nearer hospitals (with subsequent referral) due to the patient\'s lack of funds to hire transportation to another hospital, lack of knowledge of other health facilities, or selective referral of poorer patients by the peripheral hospital due to lack of adequate financial reimbursement for the services provided.

None of the 71 patients with GCS scores \< 8 had airway protected by endotracheal intubation, contrary to current recommendations\[[@ref28][@ref29][@ref30]\] that seek to prevent hypoxia and hypercarbia, and thereby poorer neurological outcome from head trauma. This leads to a strong emphasis on ensuring airway protection during retrieval/transfer in the Indian settings. The lack of cervical spine immobilization and intubation may reflect the lack of suitably trained emergency department staff and/or lack of equipment at the referral hospitals. The choice of inadequate resuscitative intravenous fluids (other than Ringer lactate of normal saline which are recommended by ATLS Course) in 22 (5.94%) patients and the prevalence of untreated hypotension at arrival found in 106/317 (32.41%) referred patients without neurogenic shock may signify delayed recognition of shock states and under resuscitation in patients. However, this is a contentious issue as there is decent literature to suggest that relative hypotension may be actually helpful. The paucity of documentation of the patient\'s clinical status, the time of injury, time of referral, rampant use of non-ambulance vehicles for transferring referred patients, and lack of transfer request was alarming. Our finding that admission and subsequent transfer from a peripheral hospital is associated with significant delay in admission to trauma center confirms the finding of other studies.\[[@ref31][@ref32]\]

A surprising finding of our study was lack of significantly higher mortality in the transferred group, despite the fact that it was more severely injured and presented significantly later to the trauma center when compared with the directly admitted group. The reason for this could be a very high number of injuries that are neither time critical nor affected by the place of treatment and very low numbers of patients in subgroups (major trauma, severe head injury, subdural hematoma (SDH), and extradural hematoma (EDH)) where early treatment at trauma center is known to be beneficial.

An important finding in our study was a significantly higher percentage of multisystem major trauma patients and severe head injury patients in the referred group. An important trend, though statistically insignificant seen in our study was lower mortality in severe head injury patients, subdural hematoma patients, and major trauma patients in the directly admitted group.

CONCLUSION {#sec1-5}
==========

This study showed that age, ISS, APTT, and GCS may be considered as externally valid predictors of mortality in the trauma patients. However, since bootstrapping only provides limited estimates of external validity, there is a need to test these factors against the well accepted requirements of external validity namely population, ecological, and temporal validity.

Studies focusing on GCS as predictor of mortality should consider following patients upto at least 3 weeks and preferably up to 8 weeks. Compared to the directly admitted patients, referred admitted patients at the KGMU trauma center present significantly late to the trauma center, are more critically ill, have higher percentages of multisystem major trauma and severe head injury patients. However, mortality is similar in both the groups.

Positive association of BPL status with referral as reported by us needs to be further researched in order to find the exact cause.

There is a need for a rational referral policy contributed to and agreed by all service providers which must be strongly enforced without delay. On the basis of evidence generated by this paper and similar papers published elsewhere our recommendations are that:

All hospitals and interfacility transfer ambulances share a unified electronic medical recordEvidence-based standard international guidelines should be adapted locally and disseminated to all healthcare providers who care for the traumatically injuredAll transfer of substantially injured patients should be accompanied by trained healthcare providersAll vehicles involved with the transfer of injured patients should contain agreed upon basic equipment.Standardized communication with the receiving trauma facility should be mandated before patient transfer.

i For example, cirrhosis, coronary artery disease, chronic obstructive pulmonary disease, and diabetes mellitus

ii For example, lack of routine lab m easurement of serum lactate, base deficit, beds capable of measuring weight of the patient, and focussed trauma team evaluation

iii Age, sex, preexisting chronic conditions, Injury Severity Score (ISS), referral from peripheral hospital, blood sugar level at admission, blood pressure at admission, coagulopathy at admission, massive blood transfusion (≥10 units of packed red blood cells) and missed injuries

iv Below poverty line (BPL) for rural areas is based on the degree of deprivation in respect of 13 parameters, with scores from 0 to 4: Landholding, type of house, clothing, food security, sanitation, consumer durables, literacy status, labor force, means of livelihood, status of children, type of indebtedness, and reasons for migrations. For urban areas BPL status is based on degree of deprivation in respect of seven parameters: Roof, floor, water, sanitation, education level, type of employment, and status of children in a house. A BPL card holder in India is entitled to free healthcare in India
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